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Today’s dairies are growing rapidly, with increasing dependence on Latino immigrant 
workers. This requires new educational strategies for improving milk quality and intro-
duction to state-of-the-art dairy farming practices. It also creates knowledge gaps per-
taining to the health of animals and workers, mainly due to the lack of time and language 
barriers. Owners, managers, and herdsmen assign training duties to more experienced 
employees, which may not promote “best practices” and may perpetuate bad habits. 
A comprehensive and periodic training program administered by qualified personnel 
is currently needed and will enhance the sustainability of the dairy industry. Strategic 
management and employee satisfaction will be achieved through proper training in the 
employee’s language, typically Spanish. The training needs to address not only current 
industry standards but also social and cultural differences. An innovative training course 
was developed following the same structure used by the engineering and construction 
industries, giving farm workers basic understanding of animal care and handling, cow 
comfort, and personal safety. The “Dairy Tool Box Talks” program was conducted over 
a 10-week period with nine sessions according to farm’s various employee work shifts. 
Bulk milk bacterial counts and somatic cell counts were used to evaluate milk quality on 
the three dairy farms participating in the program. “Dairy Tool Box Talks” resulted in a 
general sense of employee satisfaction, significant learning outcomes, and enthusiasm 
about the topics covered. We conclude this article by highlighting the importance of 
educational programs aimed at improving overall cross-cultural training.
Keywords: dairy farm trainings, spanish training, Latino worker, migrant worker, milk quality, dairy sustainability, 
tool box talks, educational training
iNtrODUctiON
Today’s dairy farms are changing dynamically, with increasing herd size and more hired employees. 
On larger U.S. farms, there is a reliance on non-family immigrant or contract laborers. Latinos have 
surpassed African-Americans as the nation’s largest minority group, constituting 17% of the U.S. 
total population in 2014 (1). This is reflected within the dairy industry, and the increasingly Latino 
workforce requires adapted educational strategies for training. Additionally, the dairy industry 
sustains high occupational injury rates due to the handling of large animals and highly repetitive 
tasks demanded from dairy milking parlor workers (2). Lack of effective training strategies creates 
many knowledge gaps pertaining to both animal and worker health.
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A dairy farm involves many day-to-day activities that include 
animal care, breeding, crop production and feed preparation, 
cleaning and waste management, and most importantly, milking. 
Multiple factors interfere with milk quantity and quality (e.g., 
genetics, environment, and livestock management practices). 
One of the most costly diseases in dairy farming is intramammary 
infection or mastitis (3). Bacterial infection is the most common 
cause of mastitis. High somatic cell counts (SCC) correlate to 
mastitis and negatively affect milk quality, the cow’s production, 
and ultimately the profitability of the dairy. Bulk tank milk (BTM) 
SCC indicate the number of infected animals in the herd as well 
as the expected decrease in milk yield and quality (4). Mastitis 
prevalence can be reduced by good cow management, which is 
established by effective training (5).
In the increasingly immigrant-based large dairy workforce in 
South Dakota, parlors have an intensive schedule of milking 24 h/
day with brief interludes for cleaning. This schedule requires var-
ied shifts, demanding high physical exertion. Many dairy farms, 
especially those milking cows three times per day, operate by 
two 12-h working shifts daily. The majority of farm workers have 
neither basic education nor knowledgeable experience pertaining 
to dairies (5). In this context, factors, such as socioeconomics, 
education, cultural diversity, and English proficiency, have 
enormous impacts on worker understanding of day-to-day tasks, 
which greatly affect work goals (6).
There is a significant gap in knowledge between dairy 
professionals and dairy owners regarding employee training. 
Additionally, employee turnover is costly for most dairy employ-
ers. For this reason, the dairy industry needs to restructure the 
available educational programs for laborers. The engineering 
and construction industries have successfully implemented 
targeted innovative employee trainings to improve worker safety 
and operational efficiency (7, 8). This perspective article focuses 
primarily on the design procedure of similar innovative training 
courses by a strategic approach to environmental sustainability, 
animal health and well-being, milk quality practices, and worker 
health within the dairy industry. Furthermore, we highlight the 
potential importance of developing a comprehensive training 
program in the worker’s native language to address not only 
current industry standards in dairy farming but also social and 
cultural differences, leading to a more equitable and sustainable 
industry for a safe, economical food supply.
tHe trAiNiNG strUctUre
The study was conducted during a 3-month period, from June 
until August, 2015, at three commercial dairies in eastern South 
Dakota, each with 1,600–2,700 Holstein and crossbred Holstein 
cows (Farm A, Farm B, and Farm C). During the period of study, 
average milk yield was 33 kg/cow/day, and the monthly bulk milk 
SCC ranged on average from 159,000 to 270,000 cells/mL.
The target dairy workers were primarily Spanish-speaking 
Latino migrant workers. Seventy-five people related to milking 
operations, cow handling, and bedding/hospital pen cleaning 
participated in the program.
Innovative within the dairy industry, the program was based 
on trainings used by the engineering and construction industries. 
Called the “Dairy Tool Box Talks,” weekly trainings were con-
ducted with dairy employees in Spanish. The program talks were 
conducted over a 10-week period and included a 1-h hands-on 
with live cattle and eight trainings of 30-min classroom-style 
covering the following topics:
 1. Basic cow and milk production knowledge.
 2. Basic cow housing and facilities overview.
 3. Animal health and cleanliness: cow signals.
 4. Consistent and proper milking procedures.
 5. Mastitis and SCC.
 6. Safe hands-on cow handling (1 h).
 7. Cultural differences within the labor place.
 8. Animal welfare and risks of animal organization.
 9. Zoonosis and using good ergonomics.
For each session, a PowerPoint presentation was prepared to 
provide more effective presentations and a better understanding 
of the topics presented. The use of interactive games, drama 
activities, and also invited speakers were used to improve the 
employees’ understanding of the different topics covered during 
the program sessions. Participants received a one-page handout 
in Spanish with detailed information on the week’s topic at each 
session.
A final evaluation session for employee group feedback and cer-
tification was conducted at week 10 using Turning Technologies® 
(data not shown) and flipcharts to interactively convey informa-
tion and discuss their impressions of the program. Most of the 
dairy workers involved in the “Dairy Tool Box Talks” participated 
in the feedback session. At the end of the training period, a 
feedback session was also provided to the owners, managers, and 
herdsmen to discuss their impressions of the program and any 
employee improvements observed.
sample collection, Laboratory 
Determinations, and statistical Analysis
Bulk tank analysis is a useful screening tool used to monitor 
specific problem areas within the dairy farm, identify weak 
management protocols, and provide useful information on SCC.
For microbiologic activity determination, 50-mL BTM 
samples were taken on three consecutive days each week and 
combined. Samples were stored at −20°C until analyzed at the 
Animal Disease Research and Diagnostic Laboratory at South 
Dakota State University (Brookings) according to reference 
microbiology methods for BTM.
Composite weekly samples were cultured on selective media, 
and colonies were identified using preliminary biochemical and 
selective media tests. Colonies were grown overnight at 37°C on 
tryptic soy agar (Remel Inc.) infused with 5% sheep blood or 
brain–heart infusion agar, mannitol salt agar, MacConkey agar, 
and modified Edward agar. Samples were identified through 
matrix-assisted laser desorption/ionization and time-of-flight 
(MALDI-TOF) mass spectrometry (MALDI Biotyper; Bruker 
Daltonics Inc., Billerica, MA, USA) when necessary.
Bulk Tank Milk for somatic cell count (BTSCC) were collected 
daily at each farm by a licensed milk hauler and reported to the 
researchers. Data of BTSCC and microbiology identification 
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results were log (base 10) transformed to normalize the data 
before analysis using the PROC MIXED (version 9.3; SAS 
Institute Inc., Cary, NC, USA). A mixed procedure for repeated 
measurements was used for BTSCC data and included the fixed 
effect of farms and time relative to training (weeks 1–10) and the 
random effect of tank sampling within farm. The mixed model 
used for the bacteriology identification results included the fixed 
effects of the farms and the training period, which was classified 
as start, mid, and final sessions (1–3, 4–6, and 7–10, respectively), 
and the random effect of tank sampling within farm. Significance 
was declared at p < 0.05, unless otherwise indicated.
tHe LeArNiNG iNNOvAtive APPrOAcH
In 2016, the gap between non-fluent English and Native 
English speaking dairy farm personnel is greater than ever. 
The inability to communicate has consequences in producing 
a safe food supply while contributing to the sustainability of 
the dairy industry. The agriculture sector in the U.S. recognizes 
that foreign-born workers are increasingly becoming a vital 
part of the community and the local workforce, especially in 
the dairy industry. Immigrant workers account for over 50% of 
all U.S. dairy labor which produces over 79% of the U.S. milk 
supply (9). It was estimated that 41% of the dairy labor force 
was immigrants with the majority coming from Mexico (10). 
Evidence from the American Farm Bureau (AFB) (11) suggests 
the number of immigrant laborers may be even greater than 
the estimates.
The owners of large dairy enterprises are business savvy and 
not the traditional reactive farmers of the past. Today’s proac-
tive owners oversee the health and safety of their employees and 
ensure consistent, safe care of the cows, which in turn positively 
impacts the milk production and quality (e.g., minimizing masti-
tis cases), while also minimizing injuries to workers in this high-
risk industry. However, few dairies have active worker training 
programs that meaningfully educate workers about key principles 
of livestock care and follow up with evaluations of performance 
at periodic intervals (12).
The most common source of on-farm training has been the 
traditional format commonly offered by University Extension 
Programs. This provides unbiased non-formal education and 
learning activities to a wide range of people, including agricul-
tural producers and their employees. Other training opportuni-
ties through pharmaceutical, nutrition, and reproduction service 
companies are also offered, but this type of training is biased and 
limited in duration and impact. The effectiveness and feasibil-
ity of training transfer by these two mechanisms is difficult to 
determine. Non-English speaking employees are hesitant to ask 
questions during single-session trainings due to their cultural 
upbringing. Without recognizing this cultural difference within 
the dairy employees, the one-time training session is an ineffec-
tive training tool.
New training approaches implementing appropriate on-farm 
management practices with short periodic trainings in Spanish 
will enhance sustainability of the dairy industry by enhanc-
ing milk quality, decreasing milk loss, improving dairy cows’ 
health, and reducing employee injuries/illnesses. Additionally, 
farms will see improvement in worker’s performance due to a 
decrease in days off from worker injury or illness and enhanced 
job performance due to increased knowledge, impacting job 
performance. Cultural consideration is central to training design 
and implementation. The “Dairy Tool Box Talks” was designed 
to provide efficient short-duration hands-on educational dem-
onstrations analogous to tool box talks and pre-task planning in 
the construction industry. Sessions covered basic modern dairy 
operation, including basic animal care and handling practices, 
cow comfort awareness and worker welfare, proper milking 
protocols, and worker safety. Educational topics focused on 
preventing zoonosis, managing risks of animal organization, and 
important cultural differences.
The production of high quality milk is a requirement to 
sustain a profitable dairy industry, and SCC values are rou-
tinely used to identify subclinical mastitis and define quality 
standards (13). Mastitis is one of the three most significant 
health problems of the worldwide dairy herds, together with 
lameness and fertility problems (14) and is the most costly 
disease of the dairy industry (15). Mastitis has important 
effects increasing SCC as well as in reducing other milk 
components (e.g., protein and fat levels and its impact on 
cheese manufacturing). In the U.S., the legal maximum BTSCC 
for liquid market (Grade A milk) shipments is 750,000 cells/
mL, as outlined in the U.S. Pasteurized Milk Ordinance (16, 
FDA-PMO, 2011), and a threshold of <200,000  cells/mL is 
considered to be of the most practical value used to define a 
mammary quarter as healthy (13). In this research, BTSCC 
values were recorded each week throughout the training ses-
sions to measure milk for quality indicators and to monitor 
the dynamics of possible decrease in intramammary infections 
due to a proper training. Table  1 shows the average BTSCC 
milk composition for all three farms, where the average values 
were significantly different (p  <  0.001) within farms. The 
difference in BTSCC levels between farms can be explained 
by individual differences between cows of each farm and by 
differences in management practices and consistency that may 
increase the number of intramammary infections within the 
herd. The observed trends in milk BTSCC for the participant 
farms were below the accepted threshold for Grade A milk. 
Farm A and C were within the range of a more healthy herd, 
whereas Farm B reached values above 250,000 BTSCC on 
average (Table 1).
The significant increase (p <  0.001) in milk BTSCC during 
the training period can be explained by the weather season. The 
trainings were done during summer time (warmer and wetter 
season), which has favorable climatic conditions for microbial 
growth (17, 18). Together with the animals being more exposed to 
mastitis pathogens and the evidence that heat stress can negatively 
affect their immune system, there will be an increase in BTSCC 
because of their reduced capability to respond to intramammary 
infections (19).
It seems that there is a correlation between heat stress and 
decreased immunity in dairy animals. Thompson et  al. (20) 
showed that heat stress in the dry period negatively affected the 
immune response later in lactation when cows were submitted 
to a Staphylococcus challenge; the heat-stressed cows had lower 
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neutrophils counts and SCC in milk than thermoneutral cows. 
They also found that heat-stressed cows during the dry period 
had higher incidence of mastitis later in ensuing lactation. 
In 2015, the warmest day was June 9 (93°F), and the hottest 
month was July (average daily high temperature of 81°F), as 
reported by the National Weather Service records (21). The 
significant increase in BTSCC is within the range expected 
for the summer season and probably has no relation with the 
training sessions.
Identification of pathogens in milk is considered as the defini-
tive diagnosis of intramammary infections in dairy herds, and it 
is important for disease prevention and control. BTM analysis is 
a good tool to identify the weak management areas and proce-
dures that are probably being practiced. Streptococcus agalactiae, 
mainly transmitted from cow-to-cow (with contaminated udder 
wash cloths or teat cups), was not described in any of the farms 
during the training period (data not shown).
Microbiological identification in the BTM samples is 
described in Table 1. Staphylococcus sp. are often found on cow 
skin and are transferred to milk via poor udder milking prepara-
tion. Decreasing counts during training may be associated with 
increased knowledge of milking preparation, hygiene, and routine 
consistency. Staphylococcus sp. counts varied by farm (p < 0.05). 
Farm C showing the highest counts but, as observed in Table 1, 
we did not detect a significant effect of the period (p =  0.54). 
Follow-up sampling during subsequent months would have been 
necessary to determine a significant effect of the training on other 
milk quality traits.
In Table  1, the results for non-agalactiae Streptococcus nor-
mally present in teat skin and environment showed no statistical 
trend for any farm or training period. The bulk tank sampling 
period only during training may not be appropriate to determine 
the effectiveness of cow preparation and to evaluate changes made 
in milking protocols prior to milking. Additionally, the coliform 
counts did not differ significantly by farm. However, lower counts 
were observed during the last 4 weeks of training (Farm A and 
C; p < 0.05; Table 1). The number of coliforms in BTM is almost 
entirely related to skin contamination at the time of milking and 
to the degree of bedding contamination with coliform bacteria 
(22). These results may indicate better hygiene practices as indi-
cated in positive feedback from farm A owner and manager.
In the ‘‘Dairy Tool Box Talks’’ lack of motivation to learn or 
improve working environment were offset by interactive, engag-
ing, and pictographic training. Other incentives were “social 
time” with employees. (e.g., handouts, pizza, gifts) and a training 
certificate of completion.
Nearly 70% of the workers were in attendance at the last 
session and actively contributed showing their appreciation 
and interest in almost all the topics presented. They showed 
special interest for mastitis and milk quality, milking procedures, 
hygiene in general, zoonosis awareness, cultural differences, 
ergonomics, overall U.S. law and sanctions, and cow handling. 
The employees also called the program informative and dynamic, 
expressing desires to continue the learning process with topics 
not covered, such as farm management, artificial insemination, 
and calving practices. Nearly 85% of the employees agreed that 
sessions helped them being more confident in doing their job, and 
76% considered the length of the program as adequate. On the 
other hand, 95% expressed a desire for more owner and managers 
directly participating during the talks. Remarkably, 95% believed 
that receiving a training certificate was valuable for their current 
job or future jobs.
Owners, managers, and herdsmen’s comments included notice-
able changes in employee behavior, improved working relations, 
positive attitude at the workplace, better working performance, 
and more awareness on hygiene issues. The sessions were highly 
effective because they were given in the workers’ native language. 
An overall improvement in milker’s attitudes about the milking 
procedures was also observed. Other notable observations were 
that employees moved cows better by being patient, calm, and 
consistent with them. These changes could increase employee’s 
productivity, reduce the costly on-the-job accidents caused by 
tABLe 1 | Average somatic cell (scc; ×1,000/mL of milk) and bacterial counts (cfu/mL of milk) measured from bulk tank milk (BtM) samples collected 
throughout the training period.
Weeks BtM samples
scc total coliforms Non-agalactiae Streptococcus Staphylococcus sp.
Farma Farm Farm Farm
A B c A B c A B c A B c
1 138 224 179 . 100 . . 1,091 128 . 150 350
2 133 239 169 425 0 525 600 500 24,500 100 30 24,000
3 155 262 199 15 . 0 220 . 2,525 1,050 . 2,000
4 141 252 197 100 . 24,000 322 . 497 347 . 1,850
5 168 271 211 1,050 . 0 1,450 . 8,825 1,400 . 13,500
6 170 281 220 0 . 50 4,300 . 11,500 400 . 86,000
7 147 276 217 5 . 0 2,175 . 2,500 435 . 6,425
8 168 304 206 0 . 215 925 . 1,000 800 . 150
9 173 278 216 15 100 100 105 185 10,350 350 200 0
10 166 279 214 0 200 0 35 1,350 1,500 115 200 450
aWeeks had significant effect (p < 0.05) on milk SCC only.
“.” indicates missing data.
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uninformed workers, and improve the retention rate. The ‘‘Dairy 
Tool Box Talks’’ is an excellent example of how employee training 
programs and manager and/or owner involvement can lead to 
more effective communication and improved work performance 
within the dairy.
cLOsiNG reMArKs
The feedback of the “Dairy Tool Box Talks” program provided 
a general sense of employee satisfaction, great learning achieve-
ment, and enthusiasm for the sessions. The social challenge in 
large modern dairy farms is employees’ understanding, aware-
ness, and motivation. Cultural considerations, especially training 
in Spanish, were key for the success of this program.
The training program was viewed successful by the owners 
and managers. The topics covered were appropriate and helpful 
with a format that met the needs of each farm’s schedule and 
milking shift changes. When owners and managers participated 
during a session, more positive employee responses were noted 
about the topic.
In the future, the “Dairy Tool Box Talks” trainings will be 
offered in the original 10 week period or a shorten version. 
Further trainings involving other farms should be planned in 
order to evaluate the potential impact of this pilot program and its 
contribution to long-term sustainability within the dairy sector. A 
follow-up survey to evaluate the employees learning achievement 
along with periodic BTM samples is also needed.
AUtHOr cONtriBUtiONs
Each author made substantial contributions to conception and 
design of this proposal as well as the acquisition and interpreta-
tion of data.
AcKNOWLeDGMeNts
We would like to thank Karla Rodriguez-Hernandez, Leyby 
Guifarro, and Jorge Gutierrez Gonzalez for in-depth discus-
sions, training participation, and valuable input throughout the 
training period. We would also like to thank Dr. Ahmed Salama 
for his guidance with the statistical analysis of the data. Sincere 
appreciation to Sister Teresa Wolf, OSB from the Multicultural 
Benedictine Center in Watertown, for participating and present-
ing the topic Cultural Differences Within the Labor Place and for 
all her work and care with the Latino population in South Dakota. 
Thank you to all the dairy producers participating in this program 
and for supporting their work force to attend every session. We 
really appreciate the serious commitment of the time and energy 
of each employee during the training period.
FUNDiNG
This work was supported by HICAHS “Dairy Tool Box Talks: An 
Educational Pilot Project” (SA1500829) and sponsored by CDC/
NIOSH FPT Colorado State University.
reFereNces
1. Census Bureau US. Projections of the Size and Composition of the U.S. Population: 
2014 to 2060. Population Estimates and Projections. Current Population Reports 
by Sandra L. Colby and Jennifer M. Ortman. (2015). Available from: https://
www.census.gov/content/dam/Census/library/publications/2015/demo/
p25-1143.pdf
2. U.S. Bureau of Labor Statistics, U.S. Department of Labor. Incidence Rates1 
of Nonfatal Occupational Injuries and Illnesses by Industry and Case Types. 
(2012). Available from: http://www.bls.gov/iif/oshwc/osh/os/ostb3581.pdf
3. Barkema HW, Green MJ, Bradley AJ, Zadoks RN. Invited review: the role of 
contagious disease in udder health. J Dairy Sci (2009) 92:4717–29. doi:10.3168/
jds.2009-2347 
4. Jayarao BM, Pillai SR, Sawant AA, Wolfgang DR, Hegde NV. Guidelines for 
monitoring bulk tank milk somatic cell and bacterial counts. J Dairy Sci (2004) 
87:3561–73. doi:10.3168/jds.S0022-0302(04)73493-1 
5. Erskine RJ, Martinez RO, Contreras GA. Cultural lag: a new challenge for mas-
titis control on dairy farms in the United States. J Dairy Sci (2015) 98:8240–4. 
doi:10.3168/jds.2015-9386 
6. Sanders-Smith S. Hispanic worker safety understanding culture improves 
training and prevents fatalities. Prof Saf (2007) 52:34–40. 
7. Heidotting T, Stephenson C, Boldt L, Linn H, Varley F, Keane P. The impact of 
case studies in toolbox safety talks. Working partnerships: applying research 
to practice. Proceedings of the NORA Symposium. Washington, DC: National 
Institute for Occupational Safety and Health (2003). 72 p.
8. Killingsworth J, Stentz T, Moser A, Grundman J. Effective instructional meth-
ods for providing safety training to construction workers. Associate Schools of 
Construction: Proceedings of the 50th ASC Annual International Conference. 
Washington, DC: Virginia Tech (2014).
9. Adcock  F, Susanto D, Anderson D.  The Economic Impacts of Immigration 
Labor on U.S. Dairy Farms. College Station, TX: Center for North American 
Studies, Texas A&M University (2015). CNAS Report 2015-1 June 2015. 
Accessed June 20 2016. Available from: http://cnas.tamu.edu/Immigrant%20
Labor%20Impacts%20on%20Dairy%20Final.pdf
10. Rosson P, Adcock F, Susanto D, Anderson D. Agri Life Research Texas A&M 
System. The Economic Impacts of Immigration on U.S. Dairy Farms. Prepared 
for National Milk Producers Federation (NMPF). (2009). Available from: 
http://cnas.tamu.edu/Publications/The%20Economic%20Impacts%20of%20
Immigration%20onf%20U.S%20Dairy%20Farms.pdf
11. American Farm Bureau Federation-Economic Analysis Team (AFBF). 
Impact  of Migrant Labor Restrictions on the Agriculture Sector. (2006). 
Available from: http://www.fb.org/newsroom/nr/nr2006/02-07-06/labor% 
20study-feb06.pdf
12. Benson JG, Rollin BE. The Well-Being of Farm Animals: Challenges and 
Solutions. Ames: Blackwell Publishing (2008). 378 p.
13. Ruegg PL, Pantoja JCF. Understanding and using somatic cell counts as an 
indicator of milk quality. Ir J Agric Food Research (2013) 52:101–17. 
14. USDA. Dairy 2007, Part I: Part I: Reference of Dairy Cattle Health and 
Manage ment Practices in the United States, 2007. Fort Collins, CO: National 
Animal Health Monitoring System (2007). Report from USDA:APHIS:VS, 
CEAH.
15. Esslemont RJ, Peeler EJ. The scope for raising margins in dairy herds by 
improving fertility and health. Br Vet J (1993) 149:537–47. doi:10.1016/
S0007-1935(05)80038-7 
16. Food and Drug Administration (FDA). Grade A Pasteurized Milk Ordinance. 
(2011). Available from: http://www.fda.gov/downloads/Food/FoodSafety/
ProductSpecificInformation/MilkSafety/NationalConferenceonInterstate 
MilkShi%20pmentsNCIMSModelDocuments/UCM291757.pdf
17. Berry DP, O’Brien B, O’Callaghan EJ, Sullivan KO, Meaney WJ. Temporal 
trends in bulk tank somatic cell count and total bacterial count in Irish dairy 
herds during the past decade. J Dairy Sci (2006) 89:4083–93. doi:10.3168/jds.
S0022-0302(06)72453-5 
18. Cicconi-Hogan KM, Gamroth M, Richert RM, Ruegg PL, Stiglbauer KE, 
Schukken YH. Associations of risk factors with somatic cell count in bulk tank 
6Rovai et al. Dairy Tool Box: An Educational Challenge
Frontiers in Public Health | www.frontiersin.org July 2016 | Volume 4 | Article 136
milk on organic and conventional dairy farms in the United States. J Dairy Sci 
(2013) 96:3689–702. doi:10.3168/jds.2012-6271 
19. do Amaral BC, Connor EE, Tao S, Hayen J, Bubolz J, Dahl GE. Heat stress 
abatement during the dry period influences hepatic gene expression and 
improves immune status during the transition period of dairy cows. J Dairy 
Sci (2011) 94:86–96. doi:10.3168/jds.2009-3004 
20. Thompson IMT, Tao S, Monteiro APA, Jeong KC, Dahl GE. Effect of cooling 
during the dry period on immune response after Streptococcus uberis intra-
mammary infection challenge of dairy cows. J Dairy Sci (2014) 97:7426–36. 
doi:10.3168/jds.2013-7621 
21. National Weather Service. Brookings Municipal Airport. Brookings, SD 
(2016). Available from: https://weatherspark.com/history/29774/2015/Brookings- 
South-Dakota-United-States.
22. Farnsworth RJ. Microbiologic examination of bulk tank milk. Vet Clin North 
Am Food Anim Pract (1993) 9:469–74. doi:10.1016/S0749-0720(15)30614-9
Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.
Copyright © 2016 Rovai, Carroll, Foos, Erickson and Garcia. This is an open-access 
article distributed under the terms of the Creative Commons Attribution License 
(CC BY). The use, distribution or reproduction in other forums is permitted, provided 
the original author(s) or licensor are credited and that the original publication in this 
journal is cited, in accordance with accepted academic practice. No use, distribution 
or reproduction is permitted which does not comply with these terms.
